tomography and magnetic resonance imaging and a marked decrease in cerebral blood flow on singlephoton emission computed tomography. In contrast, in patients with ALS, there was a decrease in cerebral blood flow of the frontal and temporal lobes, although the patients did not show signs of clinical dementia or obvious brain atrophy on computed tomography or magnetic resonance imaging.
Conclusion:
The finding of an obvious decrease in cerebral blood flow of the frontal and temporal lobes in patients with PDC and ALS with or without cerebral atrophy supports the concept that the 2 conditions are different manifestations of a single frontotemporal tauopathy.
Arch Neurol. 2003; 60:1257 -1261 T HE KII peninsula of Japan, together with Guam and West New Guinea, has one of the highest incidences of amyotrophic lateral sclerosis (ALS) in the world. 1 Recently, a continuing high incidence of ALS and parkinsonism-dementia complex (PDC) on the Kii peninsula has been reported, 2 as well as the first neuropathologically verified case of PDC in a family with ALS-PDC. 3 Features of ALS and PDC are commonly seen in the same individual and in the same family, and similar neuropathologic findings, characterized by widely distributed neurofibrillary tangles, are seen in the central nervous system in patients with both conditions. On the Kii peninsula and Guam, ALS and PDC are regarded as different clinical manifestations of a single disease entity. 4 Although many investigations on the clinical features and neuropathologic findings of patients with ALS-PDC have been done on Guam and on the Kii peninsula, few neuroimaging findings have been reported so far. The present study reports the findings of computed tomography (CT), magnetic resonance imaging (MRI), and singlephoton emission computed tomography (SPECT) in 4 patients with ALS and in 10 patients with PDC on the Kii peninsula.
METHODS
Four patients with ALS and 10 patients with PDC were included in the study. All of the patients were natives of the Hohara village on the Kii peninsula, which has a high incidence of ALS-PDC. A family history of ALS, PDC, or both was positive in 2 of the 4 patients with ALS and in 8 of the 10 patients with PDC. The diagnosis of ALS was based on the presence of clinical symptoms of classic ALS. 5 None of the patients with ALS demonstrated abnormalities in cognitive functions on the MiniMental State Examination. The diagnosis of PDC was made based on the findings of levodopa-unresponsive parkinsonism and dementia, frequently accompanied by amyotrophy. The clinical features of the patients are summarized in Table 1 . A CT scanner (Xlead; Toshiba, Tokyo, Japan), an MRI scanner (FLEXART 0.5T; Toshiba), and a SPECT scanner (model GCA-901A; Toshiba) using a tracer technetium Tc 99m ethyl cysteinate dimer were used for the study.
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REPORT OF CASES

PATIENT 1 WITH ALS
The patient was a 65-year-old female native of Hohara. She had no family history of ALS or PDC. She developed dysarthria at age 57, and a diagnosis of ALS was made at age 59 when she developed atrophy of the tongue and small hand muscles. An electromyogram revealed neuropathic changes indicative of lower motor neuron involvements in the muscles of the tongue and extremities. Gradually, she developed bulbar palsy, muscle atrophy of the extremities, and pyramidal tract signs. A neuroradiological study was done at age 65 when she exhibited tetraparesis and aphonia due to severe bulbar palsy, but without cognitive impairments or respiratory dysfunction. Results of CT and MRI revealed slight frontal lobe atrophy within normal limits for age. In contrast, SPECT showed an obvious decrease in cerebral blood flow (CBF) of the frontal and temporal lobes (Figure 1 ).
PATIENT 1 WITH PDC
The patient was a 73-year-old female native of Hohara. Her father and 3 siblings had died of PDC, and a nephew had ALS. She developed parkinsonian gait at age 66, and the parkinsonism gradually worsened without response to levodopa. A diagnosis of PDC was made at age 67 when she developed dementia, atrophy of the intrinsic hand muscles, and pyramidal tract signs. Neuroradiological studies were done at age 73 when she showed severe memory disturbance, disorientation, abulia, apathy, bradykinesia, rigidity, gait disturbance, hand muscle atrophy with fasciculation, and pyramidal tract signs. Computed tomography and MRI revealed marked atrophy of the frontal and temporal lobes, and SPECT showed a (Table 1) . At age 67 years, she had an 8-year history of bulbar palsy and tetraparesis but no dementia or parkinsonism. There is slight atrophy of the frontal lobe within normal limits for age on the T1-weighted (A) and T2-weighted (B) axial MRIs. A decrease in cerebral blood flow of the frontal and temporal lobes is seen on SPECT (C). marked decrease in CBF of the frontal and temporal lobes (Figure 2) .
RESULTS
The neuroradiological findings are summarized in Table 2 .
PATIENTS WITH ALS
Among patients with ALS, the results of CT and MRI of the brain were unremarkable, without brain atrophy or abnormal signal intensity of the corticospinal tract. A low signal intensity of the motor cortex on T2-weighted images was confirmed in patient 2, who showed mild par- (Table 1) . At age 73 years, she had a 7-year history of parkinsonism and dementia, followed by development of amyotrophic lateral sclerosis features. There is severe atrophy of the frontal and temporal lobes on the T1-weighted axial MRIs (A, B, and C) and FLAIR coronal MRI (D). A marked decrease in cerebral blood flow of the frontal and temporal lobes is seen on SPECT (E). 
Atrophy of Brainstem
Amyotrophic lateral sclerosis 1
Abbreviations: CT, computed tomography; F, frontal lobe; MRI, magnetic resonance imaging; P, parietal lobe; SPECT, single-photon emission computed tomography; T, temporal lobe; (−), absent/unremarkable; (+), mild; (++), moderate; (+++), severe.
*An MRI was not done in patient 4 because of restlessness.
kinsonism from the early stage of the illness. In contrast, SPECT showed a decrease in CBF of the frontal lobe in all patients, and of the temporal lobe in 3 of the 4 patients. The decrease in CBF did not correlate with severity or duration of the illness.
PATIENTS WITH PDC
The results of CT and MRI of the brain showed moderate to severe atrophy of the frontal and temporal lobes, without remarkable changes of the putamen, corticospinal tract, or motor cortex in 7 patients with advancedstage PDC, and atrophy of the entire brainstem in patient 7 with terminal-stage PDC. Findings on SPECT revealed a decrease in CBF of the frontal and temporal lobes in all the patients, including patients 8, 9, and 10 with early-stage PDC, who showed mild clinical symptoms. A decrease in CBF of the parietal lobe was detected in patients 4 and 8.
COMMENT
A continuing high incidence of ALS has been reported in Hohara since 1980. 2 We recently described the clinical spectrum and neuropathologic findings in 3 patients with ALS and in 19 patients with PDC examined during 1996 and 1999. 6 The clinical manifestations of ALS consisted of amyotrophy, pyramidal tract signs, and bulbar palsy, but without dementia or parkinsonism, and were similar to those of classic ALS. In contrast, the major symptoms of PDC consisted of cognitive impairment and parkinsonism, frequently accompanied by amyotrophy and pyramidal tract signs. In this geographic region, the clinical manifestations of ALS and PDC thus appear to differ. However, the 2 conditions share common neuropathologic features of widely distributed neurofibrillary tangles in the central nervous system and pathologic findings consistent with ALS. 3 Some neuroradiological investigations have been performed in patients with ALS and PDC on Guam. Petersen et al 7 studied volumetric MRI measurements of the hippocampus in patients with PDC on Guam and reported that hippocampal formation volumes were significantly reduced and correlated clinically with memory function and neuropathologically with the site of intense neurofibrillary tangle deposition. There was no description of the size of the frontal and temporal lobes. In our patients with PDC on the Kii peninsula, hippocampal atrophy was obvious early on and progressed as the disease advanced, as shown in Figure 2 , although volumetric MRI was not performed in the present study.
Peppard et al 8 assessed regional cerebral glucose metabolism in 8 patients with PDC on Guam using positron emission tomography with 18 F-2-fluoro-2-deoxyglucose. They reported decreased regional cerebral glucose metabolism in all cortical and subcortical areas in the brains of these patients.
Snow et al 9 performed positron emission tomography using 18 F-6-fluorodopa in patients with ALS, patients with PDC, and clinically normal residents on Guam and compared the findings with those of control subjects at the University of British Columbia, Vancouver.
The striatal 18 F-6-fluorodopa uptake was significantly reduced in all the patients with PDC. The uptake was also significantly reduced in the patients with ALS, but was intermediate between that observed in the group with PDC and the Vancouver control subjects. Two of the clinically normal subjects on Guam showed reduced striatal 18 F-6-fluorodopa uptake, suggesting early asymptomatic dopaminergic lesions. Position emission tomography was not performed in the present study, and the blood flow of the striatal area could not be assessed precisely because of the low resolution of our SPECT system.
To our knowledge, systematic neuroradiological studies on the brain have not been done in patients with ALS and PDC on the Kii peninsula, and the present study is the first to clarify the characteristic neuroradiological features of ALS-PDC in this region. The important findings were as follows: First, patients with PDC showed progressive atrophy of the frontal and temporal lobes on CT and MRI that became marked at the terminal stage, and a decrease in CBF of the frontal and temporal lobes was obvious from the early stage of the disease. Second, brain atrophy was absent or minimal in patients with ALS on the Kii peninsula, even in those at the advanced stage, but SPECT showed an obvious decrease in CBF of the frontal and temporal lobes. A decrease in CBF of the frontal and temporal lobes from the early stage of the disease was common to ALS and PDC, even when the patients had no obvious dementia clinically or cerebral atrophy on CT or MRI. This may be a functional manifestation of the background abnormalities common to patients with ALS and PDC in this region.
The present study revealed neuroradiological findings unique to ALS-PDC in this geographic region and distinct from other neurodegenerative diseases. Results of CT, MRI, and SPECT of patients with ALS-PDC on the Kii peninsula showed hypometabolism of the frontotemporal lobes, with or without frontotemporal atrophy, resembling that of the frontotemporal dementia syndrome, [10] [11] [12] but different from Alzheimer disease, characterized by hypometabolism of the association cortex of the temporoparieto-occipital lobes. 13 Furthermore, the neuroradiological findings of patients with ALS-PDC on the Kii peninsula were distinct from those observed in the following studies: midbrain atrophy and a decrease in CBF of the frontal lobe in progressive supranuclear palsy, 14 atrophy and abnormal intensity of the striatum in an MRI study of striatal nigral degeneration, 15 asymmetric pericentral cortical atrophy and a decrease in CBF in corticobasal degeneration, 14 and abnormal signal intensity of the pyramidal tract on MRI in classic ALS. 16 From the viewpoint of neuropathologic and neuroimaging findings, ALS and PDC on the Kii peninsula can be considered a single disease entity of Kii ALS-PDC, as in Guamanian ALS-PDC. 4 Furthermore, Kii ALS-PDC is a manifestation of a single tauopathy of frontotemporal degeneration.
